We have investigated the biotechnological potential of Arctic marine bacteria for their ability to produce a broad spectrum of cold-active enzymes. Herein, we present the functional screening for different extracellular enzymatic activities from 100 diversely chosen microbial isolates incubated at 4 and 20°C.
Introduction
High-latitude Arctic oceans and seas have been shown to be important sites for the investigation of marine-derived enzymes. Despite the fact that the Arctic is a region with broad interest as a climate indicator, comparatively little is known about the bacterial diversity [1] . To better understand the microbial communities composition and their sensitivity to environmental change in the Arctic region, recently studies have been conducted on upper sediments and soil [2, 3] . In those areas, microorganisms are exposed to several conditions of extreme temperature and high salinity. Microbial adaptations (expressed constantly) such as intracellular processes allow them to thrive or survive in those geochemical polar conditions [4] [5] [6] . Enzymes evolve to make this adaptation possible and in a recent study the targeted metagenomics approach has been introduced as promising tool for studying the adaptive evolution of enzymes [7] . The composition of these communities varies by depth, season and location in the ocean. Heterotrophic microbial communities are responsible for a substantial proportion of the main productivity in the ocean due to their role in the marine carbon cycle [8] . In order to avail of this organic matter, members of microbial communities have adapted themselves by producing extracellular enzymes of the correct structural specificity to hydrolyze high molecular weight substrates to small sizes to be transported into the cell. The ability of microorganisms to produce extracellular enzymes is homogeneously distributed [9] [10] [11] , but the extent to which enzymatic capabilities change among whole microbial communities in the ocean needs to be largely explored.
The increased interest for cold-active enzymes in academia and research industry is due to their peculiar features such as salt tolerance, high activity at low temperatures in addition to their novel chemical and stereochemical features [12, 13] . The applications of cold-active enzymes are becoming more and more interesting for industry sectors such as consumer products, pharmaceutical, cosmetic, and fine chemicals. Cold-active hydrolytic enzymes can be used in detergents applied for cold washing with a reduction of energy consumption and prevents wear and tear of textile fibers [14] . Other potential applications of coldactive enzymes are evident in processes such as the hydrolysis of lactose in milk by using galactosidase or the taste improvement of refrigerated meat using proteases and betterment of bakery products using glycosidase such as amylases, proteases and xylanases.
Brewing and wine industries use cold-active enzymes as an alternative to warmactive enzymes. The advantage of using cold-active enzymes in food industry is that at low temperatures the risk of contaminations is reduced without destroying the flavor as when high temperatures occur. By this way, it is possible to preserve the nutritional quality of foods. The identification of marine bacteria with the ability to degrade cellulose could lead to improved processes in the quest for cellulosic ethanol [15] .
The aim of this work was to investigate the diversity of cultivable Arctic marine bacteria and their extracellular hydrolytic enzymes in the deep-sea sediments and biota samples with the aim to highlight the phylogenetic distribution of the detected activities.
Furthermore, we focused our attention on the extracellular enzymes, produced by the isolated bacteria. It is well established that psychrophilic enzymes, produced by cold-adapted bacteria, display a high catalytic efficiency. This feature is not only important for in situ biogeochemical processes, but in particular for their powerful relevance in biotechnological and industrial fields [16, 17] . A bioprospecting methodology using functional screening has been performed to explore the extent of microbial enzymatic activity along the coast of the Arctic Svalbard archipelago and Lofoten's islands.
Materials and methods
Two separate scientific expeditions, onboard R/V Helmer Hanssen (University of Tromsø, Norway), were carried out in the Lofoten area (Northern Norway) in April 2010 and on the coastal areas around the Svalbard archipelago in October 2011. Various microbiota (animals and algae), sediment and seawater samples was collected by benthic and pelagic trawls, divers, a van-ween grab and a water sampler. In total, more than 50 stations were sampled between 400 and 70 m water depth with a sea temperature between 1-6°C. Scientist at the University of Tromsø performed the isolation, culturing and preliminary classification of the bacterial isolates. The bacteria are stored in an in-house collection together with all meta-data. The procedures were:
Isolation and culturing of bacteria
The animals and algae were dissected and the tissues and intestinal contents homogenized, diluted and subsequently plated onto marine agar plates. The sediments were dissolved in sterile seawater, centrifuged to remove particles and 100 µl of a dilution series was plated out. A dilution series of 100 µl of the seawater samples was also plated out. All plates were incubated aerobically at 4- [18] . On land the bacteria was restreaked onto new plates and single colonies were used to inoculate 5 ml cultures. One ml of dense culture was cryo preserved in 20% glycerol, while one ml of culture was harvested by centrifugation using a tabletop centrifuge at 12,000 rpm for 3 min, washed once with 1 ml of distilled water and re-centrifuged for 3 min. Tubes were afterwards frozen at -20°C for later extraction of genomic DNA. 
Genomic

Bacterial 16S rRNA gene phylogeny
The ABI2FASTA converter v 1.1.2 (available online) was used to extract FASTA sequence files from ABI output files and low quality ends were trimmed (http://www.dnabaser.com).
The trimmed sequences were then checked for chimeras using DECIPHER's Find Chimeras web tool (http://decipher.cee.wisc.edu/FindChimeras.html). Sequence search against GenBank using BLAST [19] was performed to identify the genus each bacterium belongs to.
The sequences, around 800-900 bp, depending on the isolate, were compared with those data available in the RDPII (Ribosomal Database Project II) to determine the relative phylogenetic positions. Multiple alignments were generated using CLUSTAL W [20] . Alignments were edited using BioEdit Sequence Alignment Editor version 3.0.3 [21] and regions of ambiguous alignment were removed. The sequences were then entered into the MEGA version 5 program [22] to produce a phylogenetic tree. The phylogenetic tree was constructed using the maximum likelihood method [23] with General Time Reversible and complete-deletion model analysis. The resultant tree topologies were evaluated by bootstrap analysis based on 500 replicates. DNA sequences are deposited in GenBank under Accession numbers KF313361-KF313377, KF313380-KF313402, KF313404-KF313463.
Growth Temperature
Bacterial strains were growth in marine 2216 broth (Difco) at two different temperatures according to their classification. Gram-positive were grown at 20°C
and Gram-negative were grown at 4°C using a Heidolph tube shaker (Heidolph, Germany) at 600 rpm.
Extracellular enzymatic activities
Protease, esterase/lipase, chitinase, cellulase, gelatinase, amylase, xylanase, DNase were detected on marine agar assay plates. Log-phase bacteria cultures were spotted (10 µl) onto assay plates which were incubated at 4 and 20°C. The appearance of a halo was evaluated after one week.
Screening of protease producing bacteria
Screening of bacteria isolates for protease activity was performed on marine 2216 broth agar supplemented with 1% (w/v) skimmed milk [24] . Skimmed milk was prepared using a 10% (w/v) stock solution of commercially available nonfat milk powder. Marine broth agar was autoclaved at 121°C for 15 min, while 10% (w/v) milk powder solution was autoclaved at 115°C for 10 min.
Exactly 10% (w/v) milk solution was mixed with marine broth agar to a final concentration of 1% (w/v) while still hot. Protease producing bacteria were selected based on the formation of halo zone of clearance around the colony.
Screening of esterase/lipase producing bacteria
Screening of bacteria isolates for esterase/lipase activity was performed on marine 2216 broth agar supplemented with 1% (w/v) tributyrin [25] . Marine broth agar was autoclaved at 121°C for 15 min and 100% (w/v) glyceryl tributyrate solution (Sigma) was mixed after sonication with marine broth agar to a final concentration of 1% (w/v). Esterase/lipase producing bacteria were selected based on the formation of halo zone of clearance around the colony.
Screening of chitinase producing bacteria
Screening of bacteria isolates for chitinase activity was performed on marine 2216 broth agar supplemented with 0.5% (w/v) colloidal chitin. Colloidal chitin was prepared using commercial chitin (Sigma-Aldrich) from shrimp shells [26] .
Marine broth agar was autoclaved at 121°C for 15 min and mixed with 5% (w/v) colloidal chitin solution to a final concentration of 0.5% (w/v). Chitinase producing bacteria were selected based on the formation of halo zone of clearance around the colony. For the visualization of the chitinolytic activity, the agar plates were flooded with 0.5% congo red solution for 30 minutes and destained with 1M NaCl for 20 min [27] .
Screening of cellulase producing bacteria
Screening of bacteria isolates for cellulase activity was performed on marine 2216 broth agar supplemented with 1.5% (w/v) carboxymethylcellulose (CMC) low viscosity sodium salt (Sigma). After incubation, the plates were flooded with 0.5% Congo red for 15-20 min followed by destaining with 1 M NaCl for [15] [16] [17] [18] [19] [20] min. The extracellular cellulase activity was detected by the presence of clear zone around the growing colony against the dark red background [28] .
Screening of gelatinase producing bacteria
Screening of bacteria isolates for gelatinase activity was performed on marine 2216 broth agar supplemented with 0.4% (w/v) gelatin (Sigma) [29] . Marine broth 
Screening of xylanase producing bacteria
Screening of bacteria isolates for xylanase activity was performed on marine 2216 broth agar supplemented with 2.5 g/L xylan from beechwood (Sigma) [31] .
Marine broth agar and xylan were autoclaved at 121°C for 15 min. After incubation, the plates were flooded with 0.5% Congo red for 15-20 min followed by destaining with 1 M NaCl for 15-20 min. The extracellular xylanase activity was detected by the presence of yellow zone around the growing colony against the dark red background.
Screening of DNase producing bacteria
The extracellular bacterial DNases were screened using DNase test agar (Merck) and all plates were supplemented with extra 0.3 M NaCl. For the detection of DNase-producer bacterial strains, the plates were flooded with 0.1 M HCl solution. A clear or dim halo around a colony after one week indicated a positive exoenzyme-producing isolate [32] .
Results
Bacterial phylogenetic diversity
The phylogenetic diversity of 100 selected arctic bacterial isolates was determined to known isolates, were also determinate by blast searches using the16S rRNA gene sequences as shown in Tables 1 and 2 
Screening and detection of extracellular enzymatic activities
The bacterial isolates were screened for the production of extracellular enzymes at 4°C and 20°C. We detected extracellular activities of all 100 isolates on marine agar plates. The ability to degrade substrates was tested on tributyrin, skim milk, chitin, carboxymethylcellulose, gelatin, starch, xylan and DNA (Figure 2 ). 67%, 53% and 56% of the isolates were positive for esterase, DNase and protease activity respectively, while 41%, 23%, 9% and 7% of the isolates showed the ability to produce amylase, chitinase, cellulase and xylanase activity respectively.
In tables 3 and 4, the hydrolase enzymatic activities production, in terms of halo size, corresponding to each isolate is shown. This activity overview highlight the multiple enzyme activities mainly localized in the Gram-negative bacterial group. It is worth noting that in the functional screenings carried out, sometimes bacteria that had highly similar 16s rRNA gene sequences, isolated from different cold environments, displayed different behavior referring to the same enzymatic activity. A comparison of those arctic bacterial isolates that might be novel species with previously published species, in terms of detected enzymatic activities, was performed. To our knowledge, for members of the genera Planococcus and Rhodococcus there have not been reported any amylase or alginate lyase activities respectively so far.
Environmental temperature not only has effects on microbial activity, but can also affect activity indirectly by changing the temperature dependency of the whole community [23] . This is additional evidence of the prodigious and extraordinary ability of the bacteria to adapt themselves and to develop new strategies to survive in such extreme and changeable microenvironment and community composition.
The experimental approach could be considered propaedeutic in order to introduce in the industrial market new psychrophilic and psychrotolerant enzymes produced by a wide range of isolated Arctic bacteria. Sometimes there is a difficult in growing bacterial isolates in the laboratory and an essential prerequisite for biodiscovery fails [34, 35] . The high number of bacterial isolates allowed us the opportunity to explore the connection between extracellular activity and biodiversity in the Arctic regions. The cold-active enzymes activities detected in this study indicated that many Arctic bacteria are able to hydrolyze the major constituents of the organic matter such as esters, proteins, α-and β-linked polysaccharides. These features make these hydrolytic enzymes potential biocatalysts for use in several industrial fields [36, 37] . Studies have revealed the strong potency of cold-active lipases for the organic synthesis of valuable shortchain esters such as flavors used in food and pharmaceuticals [38] . Amylases are essential in the conversion of starches into oligosaccharides and they are used in the production of maltodextrin, glucose or fructose syrups and in different sectors like textile, paper and detergent industries [39] . Xylanases and cellulases are described as potential biocatalysts for bioethanol production but also useful in paper and pulp industry, agriculture and food/feed industry [40, 41] . Chitinases are required in industry to solve problems like waste decomposition or biocontrol agent for insects in agriculture [42] . Proteases are a large group of enzymes present in bioindustry in detergents, food, metal recovery and waste treatment sectors [43] .
Nowadays, it is also becoming promising to engineer the microbes and whole bacterial communities for direct conversion of biomass or substrates degradation avoiding laborious production and purification steps [44] [45] [46] . In this respect, the arctic marine bacteria collection presented in this work may play and important role and open new perspective in the field of microbial biodegradation engineering.
Concluding remarks
This work provides insight into the microbial diversity that populates the Arctic region and further shows the vast genetic potential of these "cold-loving" microorganisms to produce hydrolytic enzymes that can be fed into the bio-based economy. Achromobacter AW28M02 
